Introduction
Cervical cancer (CC) is the second most common malignant tumor among women, responsible for ~527,600 new cases and >265,700 deaths annually. 1 Despite advances in screening detection and new treatment strategies, CC is one of the leading causes of cancer death among females in many developing countries. 2, 3 Although most patients can be cured if diagnosed at an early stage, poor prognosis is observed with secondary metastatic cancer and tumor relapse.
Although human papillomavirus (HPV) is a prerequisite for CC, only a small number of women infected by this virus develop cancer. Thus, other risk factors should be considered as cofactors contributing to the progression of CC. 4 Dysregulated genes play important roles in CC development. 5 Several studies have used gene expression profiling to identify key genes between CC samples and normal cervix. [6] [7] [8] [9] Hundreds
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Tang et al of differentially expressed genes (DEGs) were detected. However, DEGs reported in different studies vary enormously with only some of them consistently detected. Therefore, the discovery of novel effective therapeutic targets against CC is urgently required. A number of chemotherapeutic agents have shown activity against CC, including cisplatin, 10 bevacizumab, 11 carboplatin, 12 paclitaxel, 13 ifosfamide, 14 and topotecan. 15 Various combinations of these agents are recommended as therapies. 16 A recent systematic literature review found that carboplatin-paclitaxel is equally effective and less toxic than cisplatin-paclitaxel as the first-line therapy for metastatic CC. 17 However, patients overall survival (OS) times remains short, indicating an urgent need to discover some molecular drugs that are more efficient and selective. Based on bioinformatics approaches, several studies found small molecules as potential anticancer agents. [18] [19] [20] In this study, we selected the following microarray datasets GSE7803 and GSE9750 from the Gene Expression Omnibus (GEO) database to identify DEGs. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis using the identified DEGs was investigated. A protein-protein interaction (PPI) network was constructed to elucidate the significant relationships among DEGs and to identify key genes. Furthermore, the Kaplan-Meier estimator was used on the Gene Expression Profiling Interactive Analysis (GEPIA) website. Candidate small molecules were identified for their potential use in the treatment of CC.
Materials and methods

Data collection
Two CC microarray datasets were downloaded from the GEO website (http://www.ncbi.nlm.nih.gov/geo/). GSE7803 microarray data contained 21 CC tissues and 10 normal cervical epithelia tissues. 6 GSE9750 included 33 tumors samples and 24 healthy cervical samples. 7 Both the profile datasets were based on the Affymetrix GPL96 platform (Affymetrix Human Genome U133A Array). Because Connectivity Map (CMap) strictly required all probesets obtained from the Affymetrix Human Genome U133A Array, 21 we predicted the drugs for the DEGs measured only in this platform with high accuracy. GSE63514 data included 28 cancer cases and 24 normal cases 8 and were chosen to validate RRM2 mRNA expression in our analysis.
Data preprocessing and Degs screening
The raw data were standardized and transformed into expression values using the affy package of Bioconductor (http://www.bioconductor.org/). 22 DEGs between cancer and normal samples were selected by significance analysis using the empirical Bayes methods within limma package. 23 False discovery rate (FDR) <0.05 and |log2 (fold change)| >1 were set as the cutoff criteria for the identification of DEGs. Common dysregulated probesets between GSE7803 and GSE9750 were selected for subsequent analyzes.
KEGG pathway analysis
Pathway enrichment analysis was performed using the clusterProfiler package and a pathway with an adjusted P-value <0.05 was considered significantly enriched. 24 DEGs that we identified could be involved in multiple pathways, Thus, some overlap was observed among the pathways. We identified the significant pathways that shared the same DEGs and used Cytoscape (version 3.5.1) to construct graphical representations of the interactive relationships among the pathways.
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PPI network construction and analysis
The PPI pairs of the screened DEGs were analyzed using the online database STRING version 10.5 (https://string-db. org/). 26 The pairs with combined scores >0.4 were used for the PPI network construction, then the Cytoscape software was used to construct the network and analyze the interaction relationship of the candidate DEGs encoding proteins in CC.
Validation of key genes
Key genes were identified as the intersecting genes of the enrichment pathways and top 20 nodes in PPI network. To confirm the reliability of these genes from our detection, we analyzed their prognostic and expression in CC using GEPIA. 27 GEPIA is an interactive web application for gene expression analysis based on 9,736 tumors and 8,587 normal samples from the Cancer Genome Atlas (TCGA) and the Genotype-Tissue Expression databases. 28, 29 We evaluated the expression of key genes in CC tissues and normal tissues. Then the survival curve and boxplot were performed to visualize the relationships.
Identification of candidate small molecules
The CC gene signature was used to query CMap to find potential drugs for use in patients. 21 CMap is an in silico method to predict potential drugs that could possibly reverse, or induce, the biological state encoded in particular gene expression signatures. The common differently expressed probesets in GSE7803 and GSE9750 between CC samples and healthy controls were divided into upregulated and downregulated groups. Then, these probesets were used to query the CMap database. Finally, the enrichment score representing similarity was calculated, ranging from -1 to 1. A positive connectivity score indicates that a drug is able to induce the input signature in human cell lines. Conversely, a negative connectivity score indicates that a drug is able to reverse the input signature. Negative connectivity scores were investigated, which indicate potential therapeutic value. After rank ordering all instances, the connectivity score of various instances were filter by the number of instances (N>10) and P-value (<0.05).
Results
DEGs identification
The two mRNA expression profiles, including 54 patients with CC and 34 healthy individuals, were included in our study. Using a FDR <0.05 and |logFC| >1 as cutoff criteria, we extracted 443 and 848 differentially expressed probesets from the expression profile datasets GSE7803 and GSE9750, respectively. In GSE7803, 212 unregulated probes and 231 downregulated probes were identified. A total of 376 unregulated probes and 472 downregulated probes were identified in GSE9750. After being overlapped, the common 149 upregulated and 146 downregulated probesets corresponding to 145 upregulated and 135 downregulated genes were identified from the two profile datasets (Table S1 ).
CC significant pathways evaluation
A total of 16 pathways with adjusted P-value <0.05 were found enriched including 10 upregulated and 6 downregulated pathways (Table 1) . The most significant upregulated pathway was cell cycle; the other significant pathways included DNA replication, oocyte meiosis, p53 signaling pathway, microRNAs in cancer, and cellular senescence. The downregulated pathways included arachidonic acid metabolism, serotonergic synapse, gap junction, estrogen signaling pathway, signaling pathways regulating pluripotency of stem cells, and proteoglycans in cancer ( Figure 1A ). In order to consider the potentially biological complexities in which a gene may belong to multiple pathways and provide information of numeric changes, we constructed pathway-gene networks to extract the complex association ( Figure 1B, C) . Cell cycle pathway contained the most significant genes in the network. Figure 2A ). NetworkAnalyzer app in Cytoscape was used to calculate the node degree. 25 The genes CDK1, PCNA, TOP2A, CCNB1, RFC4, MAD2L1, NDC80, CCNB2, AURKA, TYMS, MCM2, FEN1, RRM2, NCAPG, TTK, PRC1, MCM4, ZWINT, DTL, and MCM6 were the most significant 20 node degree genes and were selected as the hub nodes, since they might play important roles in CC progression ( Figure 2B ).
Key gene signatures identification in CC
Compared with KEGG enrichment genes, 13 of the top 20 nodes in the PPI network, including AURKA, CCNB1, CCNB2, CDK1, FEN1, MAD2L1, MCM2, MCM4, MCM6, PCNA, RFC4, RRM2, and TTK were found as key genes. Further survival analyses on these key genes were employed to evaluate their effects on CC patients' survival using GEPIA. Expression levels of MCM2, PCNA, RFC4, and RRM2 were significantly related to the OS of patients with cervical squamous cancer (P<0.05). High expression of MCM2, PCNA, and RFC4 could result in a high survival rate, and increased RRM2 expression in CC was significantly associated with shorter patients' survival ( Figure 3A-D) . The expression of these four genes was significantly higher in CC tissues compared to that of normal tissues (P<0.01; Figure 3E -H). Together, the high level of these four genes might represent the important prognostic factor to predict the survival of CC. GSE63514 was used to validate RRM2 mRNA expression. The results showed that RRM2 expression was significantly higher in CC compared to that of normal tissues (P<0.01; Figure 4A ).The PPI network based on RRM2 found that PCNA and RFC4 have a close relationship with RRM2, and most of the proteins in the network were related to cell cycle ( Figure 4B ).
Related small molecule drugs screening
In order to screen out small molecule drugs, consistent differently expressed probesets between CC samples and healthy controls were analyzed with CMap. The related small molecules with highly significant correlations are listed in Table 2 . Among these molecules, trichostatin A (TSA), tanespimycin, vorinostat, trifluoperazine, prochlorperazine, and thioridazine showed higher negative correlation and the potential to treat CC.
Discussion
Driver genes play vital roles during stages of cancer progression. Although many studies on CC development are available, more efforts are needed to identify driver genes and candidate drugs that may shed light on CC treatments. This study integrated two gene profile datasets based on Affymetrix Human Genome U133A Array, utilized bioinformatics methods to analyze these datasets, and identified 280 commonly changed DEGs (145 upregulated and 135 downregulated). Pathway enrichment analysis indicated that cell cycle, DNA replication, oocyte meiosis, p53 signaling pathway, cellular senescence, and DNA repair-relevant biological pathways were overrepresented among the upregulated genes. The PPI network was constructed including 222 nodes/DEGs and 2,111 edges. Thirteen key genes were identified and chosen for survival analysis. MCM2, PCNA, RFC4, and RRM2 were clearly related to the prognosis of patients. In addition, small molecules that can provide new insights in CC therapeutic studies were identified.
Many researchers have found that four key genes were involved in cell cycle, participating in tumorigenesis and tumor proliferation. MCM2 has been studied in a wide range of human malignancies and is associated with tumor histopathological grade in several malignancies, including colon, oral cavity, ovarian, urothelial, and non-small cell lung carcinoma. [30] [31] [32] [33] [34] In cervical carcinoma and precancerous lesions, MCM2 is overexpressed and positively correlated with high risk types of HPV. 35 Amaro Filho et al also reported an increasing expression of MCM2 in invasive CC compared to control, but they suggested that MCM2 is not a good biomarker when comparing the different clinical stages of CC.
36 PCNA acts as a central coordinator of DNA transactions by providing a multivalent interaction surface for factors involved in DNA replication and cell cycle regulation. Owing to its function, PCNA has been widely used as a tumor marker for cancer cell progression and patient prognosis.
37-39 A recent systematic literature review found that the expression of PCNA is significantly associated with poor 5-year survival, International Federation of Gynecology and Obstetrics stage, or WHO grade, suggesting its use as a valuable prognostic and diagnostic biomarker in CC and gliomas.
40 RFC4 is involved in cancer. Knockdown of RFC4 in HepG2 cells induces apoptosis. 41 Similar results were discovered in breast carcinoma. 42 In colorectal cancer, 
3539
Key candidate genes and drugs for cervical cancer 
3540
Tang et al overexpression of RFC4 is associated with tumor progression and poor survival outcome.
43 Additionally, with gene network reconstruction, RFC4 is regarded as one of the main drivers in cell cycle network in CC. 44 Together with our results, MCM2, PCNA, and RFC4 were significantly upregulated in CC compared with normal samples, and in CC patients, the survival rate was positively correlated with the high expression of these genes.
RRM2 is markedly upregulated in many patients' cancer types and indeed acts as an oncogene.
45 RRM2 knockdown reduces cell proliferation and invasive ability in gastric cancer and pancreatic adenocarcinoma.
46,47 Wang et al reported that RRM2 expression inhibition significantly increases apoptosis, promotes cell cycle arrest at the G1 phase, and inhibits tumor formation in CC nude mice transplant models. 48 Several studies showed that RRM2 is an independent prognostic factor and may predict poor survival in ovarian cancer, bladder cancer, breast cancer, and CC. [49] [50] [51] [52] In this study, according to the PPI network, RRM2 closely interacts with PCNA and RFC4 involved in CC progression. Therefore, a further exploration of cell cycle and related genes was of enormous significance.
Consistent with our results, recent studies have also reported the identification of DEGs in CC. van Dam et al used three publicly available Affymetrix gene expression datasets (GSE5787, GSE7803, and GSE9750) and identified five cancer hallmarks enriched pathways in CC, showing that cell cycle deregulation is the major component of CC biology. They also identified seven probesets that were highly expressed in both CIN3 samples compared to normal samples and in cancer samples compared to CIN3 samples. From these probesets, six genes (AURKA, DTL, HMGB3, KIF2C, NEK2, and RFC4) were overexpressed in CC cell lines compared to cancer samples, suggesting their potential role as biomarkers in CC early diagnosis. 53 One of these genes, such as RFC4, was also identified in our study. Furthermore, our conclusion generated from both expression and survival analysis suggested that RFC4 might have a prognostic value. Another report from Li et al was based on TCGA data. 54 They found that MCM2, MCM4, MCM5, PCNA, and RNASEH2A participating in DNA replication pathway might be prognostic biomarkers in CC patients. MCM2 and PCNA were also found in our results.
Several small molecules with potential therapeutic efficacy against CC were identified. The most significant 58 Vorinostat is a hydroxamate-based pan-HDAC inhibitor also known as suberoylanilide hydroxamic acid used for the treatment of cutaneous T-cell lymphoma. 59 In HeLa cell, both mRNA and protein levels of HPV18 E6 and E7 were reduced after vorinostat treatment. 60 Furthermore, vorinostat promotes SiHa apoptosis through upregulation of p21 and Bax mRNA and protein, leading to cell cycle arrest in G0/G1 phase. 61 Thioridazine, a derivative of phenothiazine, displays anticancer abilities in a variety of cancer types and can reverse multidrug resistance.
62-64 Kang et al found that thioridazine can inhibit the PI3K/Akt/mTOR/p70S6K signaling pathway and exert cytotoxic effect on CC cells by inducing cell cycle arrest and apoptosis. 65 Thus, we might suppose that these identified drugs could play certain roles to combat CC.
Conclusion
Using bioinformatics analysis, 280 DEGs were identified, which were significantly enriched in several pathways, mainly associated with cell cycle, DNA replication, oocyte meiosis, p53 signaling pathway, and cellular senescence. We also identified key genes including MCM2, PCNA, RFC4, and RRM2 that might play important roles in CC and that might represent novel biomarkers in CC diagnosis, prognosis, and therapy. Additionally, a group of small molecules was identified that might be exploited as adjuvant drugs for improved therapeutics for CC. However, further investigations are required to validate the predicted drugs. 
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